Lady-slipper orchid mycorrhizal associations reveal specificity suggestive
of resource fragmentation and resource tracking
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M (586 cE, KCa
(pF (067 cB, ;CE) Four tulasnelloid clades were supported via Fungi in families Tt and C appear to be the mycorrhizal partners of the most
F (p68 cA, 6Ca) ML analysis, all forming one monophyletic basal branches of the monophylletlc family Orchidaceae, including the Apc ioi and Cypripedioid
- FF‘L‘;GSD‘PZC;’ group corresponding to or sister to genus However, while Tulasnellaceae remains the dominant mycorrhizal partner of Cypripedium spp., association
© F (956 cA, PCa) Clade 4 Tulasnella. Species-by-species, the with Ceratobasidiaceae is only visible in the most ancestral species of Cypripedium - C. californicum.
F (p62, PCa) results are as follows: Associations with family Sebacinaceae also occur in C. californicum, as well as in C. fasciculatum and C.
F (p61, PCa) parviflorum, but are unknown to occur in more ancestral branches of the Orchidaceae. We suggest that
o FL"“ST;(ECG’ Cypripedium calceolus (C): So far, no ITS has associations with Ceratobasidiaceae were most likely lost after the speciation event resulting in C.
F (péz " s:;) been successfully PCR amplified. Only californicum, while associations with Sebacinaceae most likely evolved at least twice in the genus.
P (p114 cE, PKy) mtLSU amplification has been successful.
soof G (p78, FAK) Potentially a different group of tulasnelloids. Within family Tulasnellaceae, association with clade 1 appears ancestral. Association with clade 2 may
g(‘;’;iz‘“ o o have evolved only once - after the branching event leading to the C. guttatum/C. fasciculatum clade, and
. 2% o ;‘Akj ) Clade 3 C. californicum (L): Limited to clade 1. prior to the speciation event leading to C. montanum. This association may have been lost in C. candidum.
Fig. 1: Cypripedium calceolus Fig. 2: Cypripedium fasciculatum F (p50, KCa) Association with clade 3 appears only in the C. guttatum/C. fasciculatum clade, suggesting it evolved once.
F (050 A, KCa) C. candidum (N): Limited to clade 1, even Assocation with clade 4 occurs in C. fasciculatum, C. parviflorum, and C. montanum, but has so far never
( . ) F (p52, KCa) across populations ~1000km apart. been observed in other species, suggesting several gains and/or losses of this association.
Introduction M (87, KCa) \_ )
Terrefrt‘rial Iar::ly': tsr:imt)er orchi(ds’\i‘n Igﬁnus :ypll'ipidium - (':’;épc*i::éi:)b C. fasciculatum (F): Limited to clades 3 and 4.
grow throughout the temperate Northern Hemisphere. P (p112 cA, HK ipedit L i, 9:
Though many are geographically widespread, all are P::m o, HKyy)) Clade 2 | C guttatum (G): Limited to clades 1 and 3. m Cypripedicm candidiim pr',?,;;r;zﬁg:pr;:E:ZZS;:ZT_E,Ised
locally rare. Considered among the most beautiful of M (p98 cL, KCa) m s C. parviflorum rDNA tree from Cox ('1995). Rooted
orchids, they are protected throughout the world — :fplzg' tm C. montanum (M): Wide specificity within family -P with Neuwiedia, in the Apostasioideae.
through international treaties and conservation laws. 3l M (6100 o5, KCa) Tulasnellaceae, including clades 1, 2, and 4. Mycorrhizal associations shown as:
: oodi | ® ) C. montanum
The rarity of Cypripedium has attracted study into 100k M (p94 cA, KCa) m
conservation via cultivation and habitat management. 190 N (p40, LIl) C. parviflorum (P): Wide specificity within family|
Identification of the mycorrhizal fungi is imperative for ':“"‘430“;‘ ij Tulasnellaceae, including clades 1, 2, and 4. C. calceolus IIIII Tulasnellaceae
both efforts. Cypripedium spp. have been the object P (91‘(,"5 C; Uiy ) \ &

of mycorrhizal study for over 150 years, but results
have been inconclusive.

uncultured Tulasnella sp. AJ313459

uncultured Tulasnella sp. AJ313456 Clade 1
P (p109 cA, L)

L (p22, DCa) mycobionts occurring in family Tulasnellaceae.

Clade 4
C. guttatum Clade 3
Clade 2
Clade 1

Fig. 6 (left): ITS phylogeny of Cypripedium .
9. 6 left): ITS phylogeny of Cyorip C. fasciculatum

Fig. 3 (above): Cross-section of mycorrhizally colonized

Within-Tulasnellaceae

C. guttatum root. Fig 4 (below): Close-up of peloton, or B
mycorthizal hyphal coil, in C. guttatum We ”5:1‘3_' "‘I"de"“)_DNA "f‘e‘h"dsg’ as_se? the ¥ M (093 cB, KCa) Phylogeny constructed with 740bp alignment, mycorrhizal relationships
- - mycorrhizal symbionts of seven Cypripedium species L (p37 cE, SCa) and rooted with Multiclavula vernalis and M. m s c C. californicum not established
occurring in North America and Europe: C. calceo/us G (A4, FAK) corynoides. Heuristic ML analysis with

§  Sebacinaceae

(Fig. 1), C. californicum, C. candidum, C. fe 16 (04, FaK) bootstrap derived from ML replicates in

(Fig.2).C gutttum, C. montanum, and C. et s T NioaPIOA.Spaces ey n Reulsabove Mexipedium spp. G Comobasitacese
parviflorum. The first stage of this work, dealing with uncultured Tulasnella sp. AY373307 - -
family-level classification of mycorrhizal fungi via uncultured Tulasnella sp. AY373285 c Neuwiedia veratrifolia 2 Unknown
analysis of fungal nucLSU and mtLSU rDNA, has been uncultured Tulasnella sp. AY373300
H . Tulasnella pruinosa AY373295 ; ; B
g'jg'_'gggf f_lse"rzﬂfvr:%': ee; :n'; ﬁge&:’;‘l’; Si?é;:au o Tulasnella eichleriana AY373292 (" Discussion: Coevolution? )
with unpublished ITS sequence data. Muliiavua vermalis Use439 Tulasnollatomaculum AYS732%0 At the fungal family level, Cypripedium spp. appear
Yy, Multiclavula corynoides U66440 e h -‘I highly specialilzed to tlheir mycorrhizal hosts. .A( finer
01 1&C scales, these interactions seem more dynamic.
But because they are rare and not likely to be the
| primary mycorrhizal partners of their fungal hosts,
hF'Q 5: Nuclear \arﬁe SUbU?I" rDNA phylogeny of 'he' 4 Results: Geographic Variation PR § ﬁ and because they are not likely to benefit their mycor-
the dominant clsadoewg;gc‘y:npedium mycoz?::tl:no GRS LT VAR — pialindl Cypr!'pedium Spp._ e b STl
( ) C. californicum: Associated with tulasnelloid clade 1 and undergo mycorrhizal coevolution. Instead, mycor-
Methods 4 family Sebacinaceae in central coastal California, but with rhizal variation among both species and populations
: tulasnelloid clade 1 and the Ceratobasidiaceae in far northern [, Y- - suggests resource tracking - Cypripedium spp.
zfi\é?]rsaLzlragéseZ\il:;e SBZTEIIE:!',fg:;zgﬂ:ﬁz?‘zu Majority of California (Fig. 7). Associations between may be with Glomus| 1&S ;{/ -J evolutionarily track a resource provided by multiple
were small samplés represent large proportions of Hor idi . ' .. Eornetstondieliftarenaiiomiviioitcieatnalag . " - .
e |"- Roat tomaticall C. candidum: No variation observed. All populations asso- © Cealiornicum i adaptive response in the fungus. Mycorrhizal Fig. 10: Seeds of Cypripedium montanum, which
e [Jop;lfa |ons|. i 00 sl:werae;);s E:Lna loa’y 5 ciated with a tight clade within tulasnelloid clade 1 (Fig. 6). populatign___ evolution in genus Cypripedium may also be an have been planted in northern California to examine
szil:em; m?::g:'r?iz:;sct()lolﬁiza(ion)in ;cl.:ilgr;aryasl\ﬁ- - s L ple of resource ion mycorrhizal colonization of seeds and seedlings.
DNA was extracted from colonized root sect‘ions. Cyp rlpedmm C: fascicula{um: Associations‘ e exclusively‘with. tulgsnel- Maps of C. californicum (above, Fig. 7) and C. fasciculatum may Re dependept on the_ iEIEEy Of GRIEEE w'.‘h
mycobionts loid clade 4 in the northern Sierra Nevada and in Six Rivers (below, Fig. 8) sampled regions in n. California. Key: Mycor- different mycorrhizal fungi. Thus, the rarest Cypri- ( Further Work )
We first PCR amplified the fungal ITS-nucLSU DNA National Forest, but also included clade 3 near the Oregon rhizal ion with (1-4) T in ITS clades 1-4, pedium species, C. californicum, should be the least urther Vvorl
with several primer pairs and pgerformed RFLPs border (Fig. 8). In Mendocino National Forest, N ively: (S) i ©)c idi (G?) ° due to limited contact. y 1. Now finishing a project on in situ seed germination
of all root section samples. Representative RFLP were strictly with the Sebacinaceae. Mycorrhizal fungal iden- Glomus spp. (uncertain); and (?) uncertain. to assess seedling mycorrhizal associations (Fig. 10).
types from each plant were sequenced. Tulasnellaceae tity could not be determined for populations near Mt. Shasta. — Fig. 11: Pelotons in Cypripedium japonicum. ) - ‘
with RFLP patterns suggesting multiple fungi were L y ¥ 2. Now samp!mg most Cypripedium SPp., ?nalyzmg
PCR-cloned, and the clones sequenced. Represen- C. montanum: Populations in Klamath National Forest asso- both mycorrhizal and plant phylogenies (Fig. 11).
tative samples were chosen for nucLSU and mtLSU Auriculariales ;l:éi(lia\:ivg:‘tulasnellmd clades 1,2, and 4, irrespecive of Acknowledgements
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